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ABSTRACT

Background: Iatrogenic perforations of the gastrointestinal tract are rare but severe 

complications of endoscopy with significant morbidity and even mortality. Surgical repair 

is usually indicated. Secure endoluminal repair of perforations would obviate the need 

for a surgical intervention. The aim was to evaluate efficacy of endoscopic closure of 

iatrogenic perforations of the gastrointestinal tract using a new clip device.  

Methods: We conducted a prospective international multicenter trial in which all 

consecutive patients with acute iatrogenic perforations were included. Endoscopic 

perforation repair was performed using a novel endoscopic device (Over-the-Scope-

Clip) according to a standardized operating procedure. Primary endpoint was successful 

closure, determined as macroscopically adequate closure and absence of leakage on 

contrast X-ray within 24 hours without additional interventions to manage the perforation. 

Secondary endpoints included closure time and adverse events.

Findings: Thirty-six consecutive patients (15 male) were included. Five oesophageal, 6 

gastric, 12 duodenal, and 13 colonic perforations were included. Immediate endoscopic 

closure was macroscopically successful in 33 out of 36 patients (92%). In one patient 

with a duodenal perforation a deep oesophageal laceration occurred while introducing 

the device and in two other cases endoscopic closure failed. All three patients were 

successfully treated surgically. In none of the 33 endoscopically treated patients leakage 

was detected at contrast X-ray within 24 hours post endoscopic closure. One patient 

in whom a colonic perforation appeared to be adequately closed at endoscopy and 

post procedural X-ray, deteriorated clinically after 6 hours. Despite successful surgery, 

the patient died within 24 hours after the surgical procedure. Endoluminal closure was 

successful in the remaining 32 patients, leading to an overall success rate of 89% (95%-

CI: 75-96%). Mean endoscopic closure time was 5:44 minutes (SD 4:15). 

Interpretations: Endoluminal closure with the OTSC for closure of large iatrogenic 

perforations was shown to be relatively easy and resulted in adequate closure and 

avoidance of surgery in 89% of patients in this multicenter prospective human trial. 
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INTRODUCTION

Iatrogenic perforations of the gastrointestinal tract are rare but severe complications 

of diagnostic and, more commonly, therapeutic endoscopy. The incidence of iatrogenic 

endoscopic perforations is reported in the literature between 0.01% to 0.6% for 

diagnostic and 0.6 to 5.5% for therapeutic endoscopies.1-11 Despite the relatively low 

perforation rate, absolute numbers are significant since total number of diagnostic and 

therapeutic endoscopies are large and currently still increasing. In the Netherlands, 

with a population of 17 million people, more than 400.000 endoscopies are performed 

annually.12

The standard treatment of gastrointestinal perforations consists of surgical (open 

or laparoscopic) repair. Surgical management is however associated with significant 

morbidity and mortality, requires general anaesthesia, and may entail a prolonged 

recovery.1, 2, 4, 5, 10 Therefore management of endoscopic perforations is occasionally 

attempted with an endoscopic approach, such as repair by endoscopic clip application 

or endoscopic placement of covered self-expanding metal stents.3, 6, 7, 13-15 Small 

perforations (< 5 mm), for instance after polypectomy, are increasingly treated 

endoscopically with multiple small endoscopic clips.3, 6, 7, 16 However, outcome of 

endoscopic management is sometimes disappointing.17-19 Due to the small wingspan 

of standard endoclips, a repair requires multiple clips and often fails in case of larger 

perforation.17-19 Furthermore closure with endoscopic clips only results in approximation 

of  the mucosal layers instead of full thickness, serosa-to-serosa apposition.20, 21 

Endoscopic stent placement is often attempted in larger perforations in the oesophagus 

but may result in persistent leakage, stent migration or mucosal damage after stent 

removal in a considerable part of patients.13, 15, 22, 23 Moreover stent-assisted closure is 

only feasible in strait and relatively fixed tubular structures like the oesophagus and not 

an option in case of gastric, duodenal or colonic perforations. 

Recently a new device for endoscopic closure of perforations called the Over-The-

Scope-Clip (OTSC; Ovesco Endoscopy AG, Tübingen, Germany) has been introduced. 

In comparison to standard endoclips, the relative large wingspan of the OTSC with a 

diameter of 12 mm grasps much more tissue. Consequently larger perforations can 

be closed using only one OTSC. The clip is designed to create a full-thickness closure. 

We have previously reported ex vivo experimental studies in which acute strength of 

closed gastric, duodenal and colonic perforations using the OTSC were compared with 

surgical closure (gold standard).21, 24-27 Closure using the OTSC resulted in comparable 

leak pressures to the gold standard for each perforation location.21, 24-27 Thereafter, 

in vivo survival animal studies in which gastric and colonic perforations were closed 

with the OTSC, showed 100% success rates.28, 29 These promising ex vivo and in vivo 

animal data were the ideal preparation for a human clinical pilot study. The aim of 
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the current study was to evaluate feasibility and efficacy of endoscopic closure of 

iatrogenic perforations of the human gastrointestinal tract using the OTSC.  

METHODS

Study design

This was a prospective multi-center cohort study conducted at eleven tertiary-care 

medical centers in Europe. The study was investigator-initiated and investigator-driven 

and performed in accordance with the principles of the Declaration of Helsinki. The 

medical ethics committee at each center approved the protocol. Data collection was 

done by local physicians, who completed online case record forms. 

We recruited all consecutive patients from April 2009 with documented acute iatrogenic 

oesophageal, gastric, duodenal or colonic perforations smaller than 3 cm. Documented 

perforation was defined as an endoscopic image of extra-intestinal structures as proof 

of a full-thickness perforation and/or proof of air leakage outside the lumen on CT or 

plain X-Ray. Perforations detected more than 24 hours after the endoscopic procedure, 

duodenal perforations after ampullectomies or sphincterotomies, tumour perforations, 

and patients younger than 18 years of age were excluded. All participating endoscopists 

were trained on an ex-vivo animal model prior to participation.

Intervention

Immediately after inclusion, antibiotics were administered and endoscopic repair was 

attempted using a therapeutic endoscope, a twin grasper, and an OTSC. The clip is 

made of Nitinol, a superelastic alloy, and can approximate perforation margins of large 

defects like a surgical clamp. The OTSC is installed on a transparent applicator cap 

that is mounted onto the tip of the endoscope (fig 1). The clip is released from the 

applicator by pulling a wire threaded through the working channel of the endoscope 

Figure 1: A 12-mm transparent cap with the Over-the-
Scope-Clip mounted on the tip of the endoscope.
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similar to endoscopic band ligation. Once released from the cap, the OTSC returns to 

its original shape due to the elastic properties of the material. 

Endoscopic perforation repair was performed according to a standardized operating 

procedure. After switching to carbon dioxide insufflation instead of air, the endoscope 

preloaded with the OTSC was reintroduced and advanced to the perforation site. The 

twin grasper was used to estimate the size of the perforation and consequently to 

facilitate approximation of both perforation edges. The twin grasper has one fixed 

middle branch and two independently movable lateral branches, which enable 

grasping of both perforation edges separately (fig 2). The tissue was approximated 

and gently pulled into the cap while applying continuous suction as well. The clip was 

Figure 2: Figure showing a close-up of the twin 
grasper tip with both jaws opened individually 
(A, B) and the twin grasper handle with one jaw 
opened (C).

A B

C

then released by rotating the wheel on the shaft of the endoscope. After releasing the 

clip the acute closure result was inspected endoscopically. In case of the impression 

of inadequate closure further treatment was at endoscopists’ preference: additional 

OTSC, standard endoscopic clips, endoloops or surgery. 

Follow up

Water-soluble contrast X-ray study of the perforation site was performed within 24 

hours after endoscopic closure. In case of suspicion of persistent leakage or clinical 

deterioration, surgery was advised to oversew or resect the perforation site. Long-term 

follow up imaging (endoscopy or radiology) was scheduled 6 months after closure to 

verify presence or migration of the clip(s). 
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Evaluation of endpoints 

Primary endpoint was successful closure, defined as endoscopic adequate closure 

combined with absence of leakage on water soluble contrast X-ray plus absence of 

additional interventions to manage the perforation.

Secondary outcome included closure time (from introduction of the endoscope with the 

OTSC-system until adequate closure), day of successful resumed oral intake, hospital 

stay, adverse events, additional interventions, and presence of the OTSC at 6 months 

follow up imaging. Adverse event were defined as death, life-threatening situations or 

need for additional endoscopic or surgical intervention for perforation closure within 

30 days after the procedure to manage the perforation.

Sample size and statistical analysis

The goal was to evaluate closure efficacy of iatrogenic perforation using the OTSC. 

Based on the results of previous animal studies with the OTSC, the failure rate was 

expected to be low.28, 29 Assuming a successful closure rate of 95%, 36 patients were 

needed to achieve a lower end of the 95% confidence interval (CI) of at least 80%. A 

threshold of the 95% CI of 80% was considered adequate for translation into further 

human clinical studies. 

Endpoint analysis consisted of an intention-to-treat analysis (except closure time). Data 

are presented as mean plus SD and in case of skewed distributions as median plus 

interquartile range (IQR). All statistical analyses were done with SPSS (version 16.0.2)

RESULTS

Baseline characteristics

Between April 2009 and August 2010 thirty-six consecutive patients met inclusion 

criteria and were included. Baseline characteristics are summarized in table 1. Five 

perforations were located in the oesophagus (14%), 6 in the stomach (17%), 12 in 

the duodenum (33%), and 13 in the colon (36%). Eighteen patients (50%) suffered 

from a perforation during a therapeutic endoscopic procedure: 6 during endoscopic 

submucosal dissection, 8 during endoscopic mucosal resection, and 4 during 

polypectomy. In 13 cases (36%) a perforation occurred during a diagnostic endoscopy: 

eight at colonoscopy and 5 duodenal perforations during diagnostic endosonography. 

The remaining 5 perforations were not endoscopy related. One patient suffered from a 

gastric perforation due to post operative loss of suture line after a sleeve gastrectomy; 

A dislocated percutaneous endoscopic gastrostomy caused a gastric perforation in 

another case; An oesophageal perforation was caused by a dislocated tracheostomy 

tube post lung transplantation; In 1 case a migrated pancreatic duct stent caused 
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a duodenal perforation of the opposite duodenal wall; Finally, a colonic perforation 

occurred during percutaneous drainage of a paracolic fluid collection. 

Outcome

Primary outcome is summarized in table 2. Immediate endoscopic closure was 

macroscopically successful in 33 out of 36 patients (92%). Failures included 1 patient 

with a duodenal perforation in whom a deep oesophageal laceration occurred while 

introducing the endoscope with the OTSC-cap mounted on its tip. The patient was 

referred for immediate surgery to manage the oesophageal laceration as well as 

the duodenal perforation. In two other duodenal perforations it proved difficult to 

manoeuvre the endoscope in a proper position to place the OTSC. In both cases the 

endoscopic closure failed and the patients were immediately referred for surgical 

correction. 

In none of the 33 patients leakage of water-soluble contrast was visualized at X-ray 

within 24 hours post endoscopic closure. One patient in whom a colonic perforation 

after polypectomy appeared to be adequately closed at endoscopy and post procedural 

radiography, clinically deteriorated after 5 hours. The patient underwent a laparotomy 

which showed a detached clip and persistent perforation. Despite successful resection 

of the perforation site and construction of a colostomy, the patient died within 24 

hours after the surgical procedure of unknown cause. Obduction did not show an 

abdominal catastrophe. Overall endoluminal closure was successful in all remaining 32 

patients, leading to an overall success rate of 89% (95%-CI: 75-96%)

Table 1: Baseline characteristics

Characteristic Total (n=36)

Age – years (SD) 67 (11)

Male sex (%) 15 (42)

Perforation location (%)

Esophagus 5 (14)

Stomach 6 (17)

Duodenum 12 (33)

Colon 13 (36)

Etiology of perforation

Therapeutic (%) 18 (50)

ESD 6 (17)

EMR 8 (22)

Polypectomy 4 (11)

Diagnostic (%) 13 (36)

EUS 5 (14)

Colonoscopy 8 (22)

Other (%) 5 (14)

Voermans.indb   201 14-4-2011   09:02:51



Chapter 12

202

Mean endoscopic closure time was 5:44 minutes (SD 4:15). In 28 patients a single OTSC 

was used, a single OTSC with additional endoclips were used in 3 cases, and 2 OTSC’s 

were needed to close the perforation in 2 patients. Besides the oesophageal laceration, 

no other adverse events occurred. Additional interventions were performed in the 4 cases 

mentioned above and concerned surgery in all. Median post procedural day of successfully 

resumed oral intake was at day 2 (IQR 2). Median hospital stay was 4 days (IQR 4).  

Twenty-eight of 36 patients were available for 6 months follow up imaging. Four 

patients were not included for follow up imaging because initial endoscopic closure 

failed. Two patients died over 30 days after successful endoscopic closure of unrelated 

cause: one patient suffered from end stage liver failure and another patient died due 

to bronchial leakage after lung transplantation. Two patients were lost to follow up. 

In 19 of the remaining 28 patients (68%), the OTSC was still in situ at 6 months follow 

up imaging. 

DISCUSSION

This multicenter prospective human trial, investigating a new endoscopic closure device 

called OTSC, resulted in a sustained successful endoscopic closure in 89% (32/36) of 

acute iatrogenic perforations of the gastrointestinal tract. Hence surgery, the current 

standard treatment of these gastrointestinal perforations, could be avoided nine out of 

ten cases. Consequently general anaesthesia, abdominal incisions, temporary ostomies 

and their associated morbidity were all avoided in these patients. The procedure was 

relatively quick and easy as represented by a mean procedural closure time of less than 

six minutes. 

Although we did not succeed to achieve the lower end of the 95% CI of success above 

the predetermined threshold of 80%, the promising findings may nevertheless lead 

to a paradigm shift with endoscopic closure using the OTSC replacing surgery as the 

first line of treatment in case of acute iatrogenic gastrointestinal perforations. It is 

important to realize that three out of the four failures were immediate failures with 

salvage surgery being performed without major delay. Using this minimal invasive step-

Table 2 : Primary Outcome

Outcome Total (n=36)

Succesfull endoscopic closure (%) 33 (92)

Esophageal perforation during introduction 1 (3)

Failed adequate placement of OTSC 2 (6)

Leakage of soluble contrast (%) 0 (0) 

Delayed leakage (%) 1 (3)

Successful closure (%) 32 (89)
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up approach, closure was successful in 34 of 36 patients (94%; 95%-CI: 82-98%) and 

surgery was avoided in 89% of cases.    

In one of our patients, however, initially successful endoscopic closure of a colonic 

perforation turned out to be inadequate a few hours later as the clip apparently had 

slipped off. In this case surgery was significantly delayed by the endoscopic procedure. 

Although the patient was successfully operated on within 12 hours after onset of the 

perforation, he died within 24 hours after successful surgery without a clear cause. 

Although obduction did not show a persistent perforation, this case underlines the 

need for thorough inspection after endoscopic closure, intensive clinical observation 

for 24 hours and immediate surgical intervention in case of clinical deterioration. 

Although after immediate endoscopic closure of a perforation, a patient may not even 

notice that a perforation occurred, iatrogenic perforations of the gastrointestinal tract 

still represent a severe complication. When looking at the surgical literature, the largest 

series (>30 perforations included) of surgical management of perforations shows a 

mortality rate over 7%.2, 4, 5 In comparison, a mortality rate of 3% in this series seems 

within the acceptable range. 

In one patient an oesophageal perforation occurred while introducing the endoscope 

with the OTSC cap mounted on the tip. Perforations are known, yet rare, complications 

during introduction of endoscopic devices mounted on the tip of the endoscope.30  The 

OTSC cap has blunt edges and is comparable in diameter, but has an protruding rim 

of 2 mm which may make it slightly more traumatic than standard plastic caps widely 

used for rubber band ligation. With standard precautions, such as only introducing the 

cap under vision and stop if any resistance is felt, we would expect this complication to 

be a rare event. However, larger numbers will be needed to confirm this assumption. 

In 2 cases immediate adequate endoscopic closure could not be achieved. Both cases 

concerned duodenal perforations. In the relatively confined space of the duodenum in 

combination with air leakage through the perforation it can be challenging to properly 

grasp both perforation edges for to secure closure. In the remaining 10 duodenal cases 

surgery was successfully avoided, leading to a success rate for duodenum perforations 

of 83%. 

Since the introduction of natural orifice transluminal endoscopic surgery (NOTES) less 

than a decade ago, there has been an enormous boost in the development of endoscopic 

closure techniques.31 Although NOTES procedures have not yet been translated into 

large human clinical trials, endoscopic closure of iatrogenic gastrointestinal perforations 

seems to represent a successful spin-off of NOTES research, from which patients benefit. 

A large number of flexible closure modalities have been developed and evaluated in 

ex-, and in vivo animal experiments.17,19,21,25,29 The OTSC is the first device to be safely 

introduced into a prospective multicenter human clinical trial. 

Although endoscopic closure using standard endoclips has been previously described, 

the current report is, to our knowledge, the first prospective human trial dealing with 
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endoscopic perforation closure. All currently published series are retrospective with 

the obvious drawback of a potential selection bias.3, 6, 7, 16 Pilot studies with OTSC 

closure of gastrointestinal perforations have also been described earlier, but were also 

retrospective in nature and included only limited patient numbers (< 5 perforations).32-34 

Due to the low incidence of iatrogenic perforations we decided to include all perforations 

of the gastrointestinal tract irrespective of their location. This is currently the largest 

prospective cohort of endoscopic closure of acute perforations. A randomized 

controlled trial could now become appropriate after this phase II trial has confirmed 

the promising results of small retrospective case series. A randomized study comparing 

endoscopic versus surgical management of acute perforations will however require 

many more patients and will be very difficult to perform in view of the rarity of these 

complications. A final caveat concerns the fact that participating study sites were all 

tertiary referral centers. Consequently, success rates in this series may not be applicable 

in arbitrary centers. 

Several factors must be considered when determining appropriate treatment of an 

acute gastrointestinal perforation. These factors including time of detection, size 

of perforation as well as the degree of contamination outside the gastrointestinal 

tract. We focused on acute, uncomplicated perforations under 3 centimetres without  

contamination. Late (>24 hours) recognition of a perforation with or without signs of 

peritonitis is regarded a contraindication for endoscopic treatment. Perforations larger 

(>3 cm) were excluded in this study and should be referred for surgery until evidence 

of successful endoscopic closure becomes available.

At 6 months follow up the majority of OTSCs were still present at the former perforation 

site. At endoscopic inspection of these patients, the groove behind the clip appeared to 

increase slowly, indicating that the OTSC may fall off after a couple of more months or 

years. However, this is speculative and longer follow up is needed. None of the patients 

suffered complications or complaints from the continued presence of the OTSC and 

there seems no indication that the clip will migrate through the gut wall. The OTSC 

is MRI-safe and therefore there does not seem to be an acute reason to mandate 

spontaneous or medical removal.

Endoluminal closure with the OTSC for closure of acute iatrogenic perforations of 

the gastrointestinal tract was shown to be relatively quick and easy and resulted in 

adequate closure and avoidance of surgery in 89% of patients in this multicenter 

prospective human trial. These results indicate that the preferred treatment strategy 

for patients with acute perforations is a step-up approach consisting of endoscopic 

OTSC closure followed, if indicated, by surgical treatment.
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